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There is also e thecreticsl discussion of the Hertmsnn Whistle as well
as design considerations for the Delaval Nexzzls, secondary resonsnce
chasber, exponential and conical horus.

3. There is shown experimental work using s single generstor in s conical h
horn, with a flat secondary resonance chamber bottom thereto.
_Briefly, the results for the fow different Deleval Nozgles are:

; Power output: 20.6 to 106 watts
Alr consumption: 10.5 to 57.6 m3/nr. (6.2 to 34 CIN)
Pressure: 5 to 7 atm (T1.h to 100 pst)

4. A new static siven will be built using six noszzles with s "theoretical”
free field powsr output reaching 635 wetts. A nevel feature of the
design will be ports built inmto the horn to remove (by compressor
suction) mest of the air used for sound generation..

| | the single vhistle developed by the )
differ to & great extent from the Boucher Momowhistle or from the S0X1-HUM
Russian vhistle of W P Kwkin. However, the design of the Multi
Whistle with air suctidn Within the horn seems a very interesting
improvement copied from the Levavasseur siren. The air consumption
of the new Multi Whistle is relatively high for the power output.
The more original feature seems to be the design of several single
whistles which allovw a nearly continuous frequency shift between 14,6
and 29.3 KC.

»
[ . ) . 7
" et .
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i RN  50X1-HUM
<4 2. 107 A STATTC SIREN BY THE CENTRAL INSTITUTE OF LABOR :

[ R . . SAFETY | * RS N
Pollowing is a translation of an article by B.Lesniak
and B.Maczewski-Rowinski in the Polish-language perio-
B PR -~ dical ‘Ochrona Pracy (Labor Safety), No 11, November
P 1962, pages 19-25. . ’
Qﬁka_a R P Introductidn:l

Among various methods of generating a strong acoustic | .°
1 ER field, dynamic air’generators also commonly called ultra- | ..
+l,. . . |sonic sirens have become most prominent. It should be noted, - -
N ‘however, that this nomenclature is incorrect in most '
. |cases, because audible (audioacoustic) frequencies are used
for practical purposes, especially for coagulation of aero- e
sols, drying and emulsification. For this reason,a more ge-|  :
neral term, namely "acoustic sirens", is used to describe
them and more specifically "audio-acoustic® or "ultra-acouss
tic" whichever the’ case may be. I P
- Interest has been shown in recent years for the method -
of generating acoughic waves, which utilizes hydrodynamic
- |flow generators known already for a few decades. Special
. |among them is the whistle invented by the Danish physiecist |
. |HARTMANN, Such ‘whistles are placed at the focus of a para- |
. +.; . polic reflector and thus a source of unidirectional sound
.o |radiation is obtained. . '

B

N 4

.

i B s R

j ———d Fﬂ e R
j -] of whistles‘;:.

|Pig.d\ Static
" W v b\)witk B

|
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' 'The power generated by one such source was usually in-|
sufficient for practical purposes; therefore, the whistles | -
by HARTMANN were for a long time used only in laboratory ret ~
search. . . : , :
- Only BOUOHER's application of an acoustiocal horn to the
HARTMANN whistles has resulted in a new type of siren, called. .
4 |"static" (fig.1l). Such name is justified fully by the fact,| -
1. ~ |that there are no moving parts whatsoever in this device, '
o The siren contains several HARTMANN whistles located on thej -
g . |periphery of a ring chamber, which is also equipped with an; |
o . {acoustic horn. Other types of static sirens, namely those .
R by SZKOLNIKOWA, KURKIN and TARTAKOWSKI were built in a simif 7

f : lar manner. : ' u '

4 In Poland, the development of a static siren was for |
R0k SR ﬂ the, first time undertaken by the Central Institute of Labor|
: : Safety (Centralny Instytut Ochrony Pracy) with the coopera-|
tion of the Institute of Principal Problems of Technology o
at the Polish Academy of Sciences (IPPT-PAN), This siren is
designed with a new type of whistle having a DE LAVAL nozzl{
K Another innovation in the developed siren is a foresee:
possibilty of generating "pure" waves without an acoustic
Jwhiff. This is done by means of properly designed channels | = -
jwhich suck away the. air blown into the horn by the whistle.| -
1 The. advantage of static sirens lies in the easy and inj
expensive construction, the absence of any rotating parts
and its compactness, L
Its disadvantages include the difficulty of generating| = -~ = .
waves at frequencies below five kilocycles/second. This is | -— =~ = ¢
- ~funfavorable-in many cases of practical application. (Lately|
the CIOP and IPPT-PAN have undertaken the development of a
DU rew type of static generator for audio~acoustic waves of
X - . |greater power and lower frequency). D

s St

S,

SRR L.
- AV . LI

3+ } ' .The Construction and Operating Principle of Acoustic
S P - Flow Generators (Whistles). : , :

Acoustic flow generators utilize phenomena which appea
when gases leave a round nozzle at critical or at above erif
tical velocity. When gas flows out of the nozzle, rarifica-|
tion waves and oblique impact waves are generated in the . |
gas siream, but a steady gas flow'is established with perio
dic pressure variations in the diréction of -the main stream
e This is due to the multiple reflection of the waves from
o T the boundary surface of the stream. BUSEMANN has found, tha

- |the stream of a gas flowing out of a nozzle is divided into| .
. fleldg between the ends of its edges. Same pressures and vel
{locities prevail in'each successive field. The passages of |.

o T

T

—cr

s , o,
I S - b imgali
TRNIOAVNRER, SN DRI RGACY =

< e iy

D'e.é‘iassified in Part - Sanitized Copy Approved féf Release 2015/07/19 X CIA-RDP80T00246A021400400001-9



et D ey ik BB T i e s s 0 2

Declassified in Part -

:vs-ureo [ :
In order to obtain acoustical vibrations, HARTMANN plac¢

‘ f,nozzles.;The exit cross-sections of both types of nozzles

occur. more or less simultaneously.

sured at the axis of symmetry by means of ‘a PITOT tube.

sure differences as a result of generated shock waves in

a2s the entropy increases, At the same time, pressure losses
result: they are largest in the fields of highest velocity,
that is where the magnitude of pressure is minimum; they arg
smallest in the fields of lowest velocity or maximum pres-

[ed a resonator tube from x,to x.or from x.to x, (fig.2 ).

ed by and emptied of the air stream. HARTMANN worked out on

generated wavess:

c

I= v od my

here ¢~ is the velocity of sound (meters/second) in the gas
der the condition when the diameter d.(cm) of the resona-
[tor is equal to its depth h,.(cm). : :
For air the generated frequency was from a few kilocyel
8'/se60nd<up‘to 120 kilocycles/second. At an incoming air
ressure of two atmospheres gage and at a frequency f= 28,2

o the amount of expended air. (The emitted power increases

asy = 4 to 5%. | .

. HARTMANN, BOUCHER, SAVORY and others were of the opinid
that in order to obtain acoustical vibrations, the stream ve
Jocity of the gas flowing out of a nozzle must exceed the ve

ging nozzles which could not satisfy this condition. Other
puthors thought that the nozzle ought to have such shape as
In Poland,'B.LESNIAK has in recent years compared the

gas on the emittéd acoustic power. '

field intensity with three converging and three DE LAVAL

which supersonic velocity is converted into subsonic velocit

This resonator was periodically (in a pulsating manner) f£ill

‘ :if 'D-éclas;s;ified“in Part - Sanitized Copy Appr_ovéd for Release 2013/07/19 : CIA-RDP80T00246A021400499001-9 FESERS )

édmpressioﬂ'o; rarification waves from one field to another :i
Fig.2 shows the pressure profile in a gas stream as med-

The pressure profile becomes wave shaped at highex pre%-"‘

this basis an approximate formula defining/the frequency of‘ :;

ilocycles/second the acoustic power-amounted to 13.4 Watts|
d several times more at higher pressures and lower frequen
pies+ This-relates to the size of the resonator diemeter and

th higher air expenditure). The efficiency of the whistled

M.,

- fo enable the ‘pressure head at its exit to reach the prope'
- pagnitude. o ‘ -

I‘

pction of converging nozzles and DE LAVAL nozzles by exami-.
ning the effect of the velocity and exit Pressure head of the .

He conducted comparative tests on the change of acdusti:A

c.;,-. .

Sanitized Copy Approved for Release 2013/07/19 - CIA-RDP80T00246A021400400001-9
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were the same, Each nozzle was in turn operating with the P
©. .. |same resonator at identical frequencies and at maximum emits = .
- . [ted power, . . v . N C
' The pressure of the entering air was maintained within{ . -
fthe limits between 2 and 6.4 atmospheres gage.s :

S e At - o T

“ e i i B B

| 10 15mm lX:
- W Odieglosé x od dyszy \b>)
e B V
b.l: T s .
3 = — :
e Pig.2 Pressure gas stream flowing out of a condg ]
"@Qﬁf;f‘ : verging nozzle (HARTMANN): l- nozzle, 2 =~ resonator, | . .- o
BF L - do- exit diameter of nozzle, d_-inside diameter of re4 . ’
i B - Sonator, h - depth of resonator. : '
BRI ~ ©  a) atmospheres gage

b) distance x from nozzle
¢) edge of stream

Fig.3 shows the characteristics of the discussed nozzlgs . ' .
in the form of graphs, . : R ’
. Investigations have shown that for a MACH number M=1.4| - . ' %
and “M=1.5 the maximum intensity of the acoustic field was SEe
- pbtained with converging nozzles at a gas pressure of about | - .
*#e5 105,25 atmospheres gage, On the other hand, no maximum S Do
ntensity was observed with DE TAVAL nozzles -~ the intensity -~ U Y
S'functiOQ of pressure was increasing greatly, steadily anq = - 5
lmost proportionally. It was also found, that the expendi-| . SR

' ir ing DE LAVAL nozzles was lower then that cL
for the conve ging nozzles. This leads to ‘the econclusion, |-

hat the acous ical efficiency of DE LAVAL nozzles is greater * R ¢
han the efficiency of converging nozzles.' o R

;. Within the project with the cooperation of IPPT-PAN, the = - b
ntire set of whistles of the new type was utilized. in the IR 3
Xperimental ‘single-whistle siren. The latter served for the .
reliminary establishment of basic parameters absolutely ne4 ..
essary for the development of the multi-whistle static Siren,

-
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SN =8
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i N
& . g
K =% ,
1. 0 .
uE
‘ ! . o_ t‘/snieme ;ow,e(:m ’
BE , SR 0) A
S - Fig.3 .Comparison between converging nozzle and DK LAVAL noz+
-'i ‘ 2le characteristicss a) for a MACH number M=1.4; b)foy -
B ‘ a MACH number M=1,5; 1 - for a converging nozzle, 2 -
_ ' for a DE LAVAL nozzle. : "
1 - Measurements were made at a distance of 40 cm from the
i : . sound source. ~ '
3 ga)'Inténsity of the acoustic field
b) Air pressure g .
(e¢) Atmospheres gage , s
. A set consisting of a whistle and a resonator placed in-'i
. v side a secondary resonating chamber is suitable for inter- | .
e _— changing-nozzles, regulation of the resonator depth h (fig.| .
S - 12), varying the distance from nozzle to resonator and also
A | varying the depth H of the secondary chamber (fig. 4). The e
o | &enerating set is equipped with an acoustic horn, thus form- |
o ing a single-whistle siren shown in fig. 4., L
A For-  the purpose of calculating the parameters of the
A : acoustic horn, the basic frequency f= 2000 cpeles/second L
SR and d,=15 millimeters .as diameter of the horn entrance werel
i ass‘med‘o'- ’ - ' ‘i ) D
) The calculation was made starting out with the equatiopn .
S . |for the effective horn cross-section: . I
. . . o g.:: - (f:i) s QI—1)y=0- L //[,2].//‘//;
A — 5 e .

| A‘Ii)yécﬁ.lés;ifled in Part - Sanitized Copy Approved for Release 2013/07/19 - GIA-RDP80T00246A021400400001-9
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Witn the proper values of constants, we obtain _i;‘
.ooy=y, [cosh( ) + Tsinh ('h )] i .[3] ' 1 ‘~,
: s=;s,[u»n(u)l+ ?smh (;)]’ N“LWﬁiLqi '

PR 9 ..a..r;w'(
Vs
-

B T IUE P FOREPERN DU FO S ARG S T R

 phere
‘ 'S -'crOSs-sestion area of the horm at the distance x,cnzﬁ
- 8 = eross-section area of the horn at the entrance 'cng
T - shape factor of the horn
j - radlus of the horn cross-sectlon at the distance x;v,‘_
B N c -
! X - distance of the given cross-sectionnfrom'the apex
{ o of the horn cone, e,
‘ ¢ -.velocity of sound, om/sec (0-34 400 enm/sec) L
i . w = angular velocity : o : * 1}"
.. T = trensmission coefficient , B
"h =‘2‘Trf contractlon factor of the horn
£ - damping frequency, cycles/second

With the values T=1 and y= y, ex/h the horn has an ex-

_Ponential profiles; with T=0 the proflle becomes catenary; ;
when T= h/x, and h goes to infinity, then the horn becomes"];
conical with an angle o D '
28=2 tan~L ( Z) SN

e Mt A R b st e R s Rl e EAT et P Mo LR

First, the dimen31ons of the exponential horn were cal-
culated accordlng to the formala y= y, ex/h for _the assumed .
‘[parameter values £= 2000. cycles/second and”’ yo- do/2 =0, 75en’§-. N
1/n = 0.365 . ‘ R

It must be p01nted out that the horn with an exponen- 1
tial profile has an advantage, namely, its resistance at th¢
:entrance Just above the critical frequency £, is independent .
+ . |of the _frequency and is equal to the wave resistance of alr;;i'
" |Tn horns with other proflle this characterlstic appears ax - S
3 much higher freqpencies.if“' : e : |

A\l

'\!

S,

S b e

Sk
+

Vit s S i B s e 2

Declassified in Part - Sanitized Copy Approved for Release 2013/07/19 : CIA-RDP80T00246A021400400001-9



A

. E ' ’ ; K N . . . F*
" Declassified in Part - Sanitized Copy Approved for Release 2013/07/19 : CIA-RDP80T00246A021400400001-9 | g

SEES

horn ';provgd out to‘-.be'too:_; short in view of structural con- \
g giderations;. therefore, 'a*_v conical horn was designed and used.”

P o - _ :

I

. “ o , e

3 8 [ T -
- < g f/ ‘ // '

i ]

e N ey

[Pig.4 - Sketoh of a static single-whistle siren with a coni-| -
A : '~ cal horn and a secondary resonance chambey.
B . - H, H' - distance of the flat and of the concave bot-

kN , tom of the chamber from the axis A-A, d,~ entrance

e S _ dle.me'_ber of the h9z-n, D ~ exit diameter of the horn,

d. - ' J*éh-e; gn.stance ofhglvgn %ios?igction from the apex of

horn cone, h - .de o e -
angle of the lz.orn'.‘ p" o resona'b:o‘r,..s. apex |
© The shape- factor of the conical horn is defined by ‘the g
equation - B L
S 7= (%) | | e, (5)

~ ith h ihfinity and wi A Y

4 ";; 80?2'18_"1'«0 1nfinity and with the apex angle .= 5 -

s "Fan'fl(yo"/xo) )
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An angle 2&}from 105 to 20° is often used. When the ang-
B DR le 1s too small, then the horn has a low acoustic efflolen-
RO ' by. The exit diameter D of the horn must be greater than the
W bmitted wavelength A» in order to avoid the reflection of
T the wave: back into thé horn. The size of the exit diameter
'/ pf the comical horn depends on its length 1 .

A In the case under consideration, with £=2000 cycles/seqd ..
' : pnd A= 170 millimeters, D should be greater than 170 mm; fon
Pa=200" the length of the horn is 340 mm (fig. 4).

The - damping fre. uency was checked. accordlng to MORSE:.
pcoi S

i -7 fhere e o .
i,nrf .\‘ ¢ = wvelocity of soundi(34,400 cm/sec) _
L b a - radius of the exit cross-section of the horn (9 cm) .
b - radius of the entrance cross-section (0.75¢cm)| -
1 - length of the horn (34 cm) ‘
upon substitution of these values
- fP= 1770<:2000 cycles/second was obtalned._

o

Secondary Resonance Chamber

The secondary resonance chamber plays an 1mportant rol
in static sirens. A properly shaped chamber increases the ef

ficiency of the siren - a8 tests conducted by BOUCHER have

- o |shown. However, the problem of the resonance chamber has not f

yet been fully solved, nor is an exact method of design and o 3
calculation known.

W

- In the design of a secondary cylindical resonance chams+ "'ﬂ”
" |ber one may use calculations similar to those for cyllndri—
cal fifes. Therefore, the authors of this article have adop] N
-|ed. the general BERNUOLLI equation used everywhere for the ' _:.}_ 'f

calculatlon of cylindrlcal fifess
. 2n -1 . ‘ ’ -
Y= Sgp e . ®

‘l
!

!
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'where

‘ H - depth of the fife T

| ; 1 e "’_ N o S lr 9D eee A

R | N - frequency of consecutive harmontcs

B but for the fundamental frequency. ’

e . Ny g R (1
, This method can be applled to the case when the chambep
A ﬂ diameter is small compared to the emitted wavelength.

CJ

L ‘ | The design of&he secondary resonance chamber; carried
oF T - lout by the authors, is based on the modlfied BERNUOLLI equah'
tlon- : , :
H=nj : o (10)

, from which‘fqlloﬁs‘for the case considered here:
. L . - A = f 490 = 17.20 cm S B
e 3217.20/4 = 430 om=43m |
o but at higher frequencies; for example f£= 23400 cycles/sec | .-
K o . R %..= %%%%%55“ = 3,675 mm - f? SR,
Hmin Z = 43 m was decided on with due con31deratlon ‘”x
of structural factors and of the feasibility to generate a
- [few harmonics. Besides, the adjustable bottom of the cham- iR
ber makes it possible to regulate the depth within wide llmaté.'

|  As %o the effect of the bottom shape, only the results|
of BOUCHER'S experlments are known; they indlcate, that at
 lower pressures (f.e. 4 atmospheres gage) a flat bottom is
more advantageous. In view of this, a flat bottom was pro= |-
:v1ded for the secondary resonance chamber of the experlmentn,:
al 31ngle-whistle siren. .
As a result of the above analysis, it was. possible to | - » 
develop a 51mplif1eé 81ng1e-whlst1e siren (fig. 5). The flaf - =
bottom in this 81ren can be replaced by a bottom of a more}fu ‘

. o

R ADLAT e aior Ea NG it Ak 3 i G
[ R e RN A S R ot RS
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suifable.shape to. yield maximum acouétic efficiency, in case

other pressures are applled or different frequencies are’ ge-
.nerated.

Tests have shawn, that:
the average 1ntens1ty of the acoustic field alang the

L2

g siren axis amounted to o 01 Watt/em®
: ! intensity of sound 150 decibels
;' ! total ‘power radiated approximately 15 Watts

Lo 4'f diameter of the nozzle and the resonator 3.5 mm

+
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'fi‘h' f';' ' Development df‘a Multi-Whistle Siren. .

o ; s ,hIn a system of several whistles the operation of each
i }'7_ ,\' ne is affeeted by the others. The performance of whistles
el a system changes in reference to the performance of a
;f':fjfebk \,ingle sound}source'y mainly as a function of their mutual
e '1stances. The field generated by a multl-source system is
he result of interaction between several sources and acousf“
g tic interference phenomena. This problem has not yet been
}hﬁ::;~ : korked out. The ma;orlty of designs (not many in exlstence)

B B - acoustlcal statlc 51rens is probably made on experlmental‘”
R EEI I l’oa31s. ‘

PRSP RVER

In order to arrlve at an approximate evaluatlon of the
radiation characterlstlos of a whistle system, the authors
¢f this work attempted to utilize the results of analys1s
vell known in acoustlos. namely, the analysis of radlatlon'
from membranes ‘and other systems of sources. e
. One of the most essentlal factors which determines the| -
_ , |mode of radlatlon from a given source of sound is the direc
?;7 - |tion eoefflclent R. Its value depends on the shape and on
:fgf; o the 31ze of the source. '
4 s ' " In the case of a Systenm of n radiating sources spaced | @
"unlformly around the clrcumference of a 01rcle of radius a';f‘

: ~ |this coefficient can represented in the forn. of an infinite S
Sl ’*1'BESSEL series: ‘”» s | ST A

o { R J (ka sin )’)+ 22]’”‘ Jpn (kasiny) - - cos pn @ [11] o
where T e

Qﬁ\p _ are defined by the ooordlnates system
Jd . »d are symbols of the functlon

° P . 2Tl'f
. | 'is the wave number (k= & s = ) B
}}:ﬁ5f : j ' is. the symbol of phase rotatian (j= V~i, trang- -
a4 . \\\ e 1ator's note) | °
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|8 source system densely distributed around -the circumferenc

BESSEL functions converge fast for small arguments;

R;J.~ (ka'siny) + 2 J, + (kasinp)cosng 4+

terms of the sim only
‘ T .+ 2" T (kasiny)cosZng 4 ...

" The firSf'iézm_exprésses the direction coefficient of

of a circle; ‘the second term gives the correction due to thi
fact that the number of sources is finite.
If the distance between sources along the circumferencd
is smaller than the'emittéd waveléngth, then the second tert

. By’analogy,.jconsidering a multi-whistle siren, one
may state: ' - starting out with a system of n whistles

length, a further increase of the number of whistles will

N\

| Static Siren by the CIOP.
- Pollowing aséumptions were made: l)whistles with the
DPE LAVAL nozgle will be used; 2)number of whistles - six;

Jwhistles wil

r -~ N .
o e e e s it
~ - i

be placed in separate resonance chambers;
4)a simplified horn will be made with an exponential profil

?thq Siren will\be able to emit "pure® acoustic waves, withlf

the limits of practicality; to accomplish this, proper

hannels will be built into its body by means of which the |

eturn air can be sucked out of the horn.

The diameter of the secondary resonance chamber and tme‘i
ntrance diameter of the horn was made 0.8 cm; this diameter fﬁ

therefore, for practical purposes one may consider the firsp '

the distances between them being close to the emitted wave-|

"ot influence fundamentally the radiation mode of the entire
, wytqg; . . g , :

' Calculations and Their Results for the Multi-Whistle

W

W

A} d

hou}d'be“gréatgrithan 1.4 d;(d;-exit diameter of‘nozzle);“jaf? 

A Déclassified in'Pért - Sanitizéd Copy Apﬁrbyed for Release 2013/07/19 : CIA-RDP80T00246A021400400001-9 '

can be neglected; the third term can be disregarded already f?,. ;
. - , : s ' S
|for n = 3, - |
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“|£ollowing the recommendations by KURKIN end TARTAKOWSKI. Thé -
|horn dimengions;were calculated on the basis 6f successive

1S = Soe?? .(7S° - entrance area of the horn, 0.5 em® at x=0

1~ Thuss
N

‘ Hhi;e'fh§'fre¢uéﬁcy of damping

s suitable for the frequencies applied here.

~ Phat the external geneératrix of the horn is a straight line
: Tnd coincides with the axis of abscissae according to equa--
t

110° from the vertical position. A similar horn is also used ff

A R . .

érb§s¥sections; from formula (4) and the foilowing others:

x = distance from the ordinate axis, om;
' P'—fexponentfof the curve, 1/cmi”’)

~wavelength, cm.

;'45;- =»6%§ = 31.4 em

min- = —%: = 2%%%% = 1095 cygleg/second. |
Fig. 6 ‘shows the profile of the hornlexponentially cur4 -
ved for Y’=0.~4/gm and for £=0.3/cm, while A=41.8 om and £_ |
E 822 cycles/second, ' o
- The second ¢ these curves was adopted for the construd- .
tion 6f'the«horn;ﬁ $§,exponent is close to the one used byjk‘
SZKOLNTKOWA. According her investigations, this horn shape

In order to simplify the construction, it was assumed

ion Sx =So eFx;_ The coordinates«system was rotated bycx=‘

by other aﬁthors;A,

meters are dy= 2, 2,5, 3.§nd 4 mm at the smallest eross-
section. The gas bressure ‘is to be Py = 5 and 7 atmospherés
absolute. - | ' o , -

. In the nozzle with a diameter d,= 2 mm, the critical

[

pressurewpzlwasl;“' .

D= Jal'ﬁ ‘= 0.4 or 0.3 1/cm where A,18 the maximum acoustic

 FPour ‘sets of pozzlesf(fig; 7) were designed; their dial *
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] 2" A ' : - .
Py = I’1( o 11) 7{'1 | o 2y .
Py =5 (2 7 ) 0.41.'= 2.65 atmospheres absolute
with preseuxre Pl 5 atmospherea absolute

The specific volume of alr Vl at Py= 5atm.abs and’ t— 20°C

is -
.vl= RT_ _ 39.:_21.2‘-_222 = 0.173 m3/kilogram/:/ T
ot PR 5x10 =
where R )

R - gas constant for air
T - absolute: ‘l:empera'bure

0'?34 & 6 0 12-14 15 wcm

| ~ |The orltical veloc:.‘ty is ‘
:. . "‘: L L c.c ]/23 —t’;—l— V= 316‘ m/sek ' [13] ' _
_ [me exit velocityis I S R
V _.“‘ T ~ “‘"“9-1 e '
2g x__’_‘_ 1 .. nv:: [1_-" (“‘) ] -466 m/sek
N R R (1) :
For:p 7 atm.abs. and t=20°C, the results were respect1ve1 :
1= 0 123 n /kilogram 02 314 m/sec. ‘ 3--SOO‘m/sec.
, - Sy f, |
P = [ 7 |
e : /4 /
_afﬁ‘-_ - ' gﬁy/ ///
R 2 3+037om
5 ' s
‘.;: ! /‘,*. il ”__// O
o Fig; 6 Profile of & simpllfled horn (exponentially curved) -
. v for the multi-whistle static siren by CIOP, with the
| exponent ?-—0 4 and ?1_-0 3 1/ em | ,
" - W :
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L : )
f i e
! I g
RE

Pig. 7 Contour outlines of several DE LAVAL typ
, . g nozzles used for the whistles in the CIOP static
X ' ‘siren for a pressure P1= 7 atm.abs. (see table 1),

S ORI B The diameter d3 was calculated from the ratio of cross
fgj}v” seotlons 82/53 and. from the equation

s,” . L T —

o ' e . ‘ . 3 N (P:) (Px) x—1 [l (P;) ] C
I B After substitutlng appropriate values and further transformaj- -
3 R tion, following results were obtained:

for d2- 2mm' and p}-S atm.abs.

- 3=-3—- O = 4 33 mm? and d3= 2 35 mm
- 0.725 ™ |

O

. Tor d2 2mm. and 121 =7 atm.abs,.

= 5,02 mm? and dz= 2,57 mn
The expendlture of air Q2 at P1= 5 atm.abs. is S
Q= syreq0 3600 = %{%(455)(3600) =730 oy ')
~ |and 9 n’/nour at pq= 7 atm.abs.

In. the final design of nozzles, the HARTMANN formula

- Was used for simplicity's sake, this is an equation for the,

nozzle output per cm2 of nozzle (m /minute-cm ) as a’ func- o

- tion of pressure Pl' namely. . - | ‘vff R
£ AEAEE Ca | S S0 RN
féfl R o ”;é =0.852 (p; + 1.033) (16) |
ST e 15—
' ‘
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ERURES o L
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[ - 1

i, e g n B s Y BB
.

o hhére ) | = R
‘ . q - pér unit output,‘mB/minute _ _// ////f
. d - diameter of the nozzle exit, Om?//“'

Py~ Pressure, kilogra;ms/cm2

-

SORSIPEES A S YSTIIUS SRR

. The’rafio of cross-ééctions s?_/s3 is always the same :
for the assumed pafémeters‘(,pla 5 end 7 atmi abs; Pp= 1 atnl,
L bbs.) IR , - "

' Table 1. Characieristic Data of Whistles and Siren.

. © 1) order number- T ‘ NS

o ' 2) pressure- o
Clo e =7t T3) diameter of npzzle
-7 1", 4) narrowest . ;

Co K ‘ 5) exit
e - {. 6) angle between generatrices
' 7) in angular degrees.

‘ . - 8) length of nozzle . - ,

. -~ 9) resonator o ST :

' ,7103 aperture diameter ' S ‘

- depth P '

'12) ratio o :

1. | 13) distance from nozzle to resonator

B -1 14) velocity of air |

A% B © 15) eritical -

16) exit

17) air output of whistle ®)

18) air output of entire Siren

19) calculated Pundamental frequency

, - 20) calculated power of one whistle ‘ N

{ 21) theoretical acoustic power of a six-whistle siren |

~ 22) remarks - o S 1

23) whistles emit many harmonics simultaneously : C

24) nozzles no. 254,6,8 (see fig. 7) were chosen for cond '

struction S L

25750alculafed according to HARTMANN

g ,
i
i L
g N -
Ty
v‘;: T mv—— . 16 [ ' '
‘ ) i ' »
b
o
1 ' [
:‘i ymee
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. \
- - Characteristic¢ Data of Whistles and Siren-
- . 4 T - ——— tia bl S A .
) - % ) Pedglrn/ | w1 a )
Srednica(dysyy | 57y |- ? l\cu-n@ N\ ,\0{“? . powiel /41 12 /f, 4 m( .
- 1, TETR Reve- . P = 7} oié = ‘Wyda. a- " .
(/ CiﬁQ SYIC Lm lg‘fﬂzﬂ“ N il Q‘.«.’ yszy (79 /&(; ek | tek | 0 é\_} ’
Do b | djeets | Witor |tworsa- | dyey [ S @: 2| ek | odreso- | beyapea| wylo- | Powie | powie | OOl Uwagi
\ sa | towa | oych j,@/ 088 natora | ba tows | trzm |G| oo, | ogwind. | SYTS
~ - Y gwizd- | calej - ks ny 6
= (D ke®) | syreny | yog d-
o - 2, e, |w op- ] d, [ AR B 4 o € ['A A ) wej | _
& atn | ata | mm mm | niac mm mm mm mm | mjsek | mpsek {mjgods | mijgods| &s w w
;- -
1 4 s| 2 230 { 10 200 [ . 35 35 15 35 | 316 466 105 | 69,01 20300 206 | 125 | Gwisdki emi-}’, o
2| 6] 7f 2 260 | 10 3,20 3.8 38 15 38 | 314 500 120 | 72,0 | 29300 | 2606 | 158 | rujy réwme- § 2%
l 3] 4| s| 1s 29 1 10 2,46 44 e 15 4l 316 466 160 | 96,0 | 23400 | 322 [ 195 | cacénic liexmw}- - ~
It 6 1] 33 32 [ 10 3,75 41 47 15 47| 314 500 224 | 134,0 | 2300 | 415 | 248 | barmoniczne
; s 4 s| 8 360 [ 10 303 | - 83 5.3 15 53| 316 1466 23,1 | 1380 | 19500 | 465 | 279
6 6 7] s a0 | 10 4,60 57 5.7 15 57| 314 500 | 324 | 194,0 | 19500 | 600 | 360
7 o si s 420 | 10 412 7.1 71 15 721 | 316 466 4,2 ] 2470 | 600 825 | 488
8 6 7] 4 S0 | 10 6,10 16 76 15 76 | 34 500 57,6 | 3450 | 14600 | 106,0 | 635
Do wykonania prayjcto dysze 3p=2)4, 6 i 8 (patrz rys. 7} *) Obliczone wg };ﬂ-ﬁn-
>Y 25
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Thejfollewing formula by HARIMANN was used for the ap4 K
5 R broximate ‘ecaleulation of the per unit acoustic power emitted
4 . by the whistles :

ol ’b . ‘ . o J 2 ‘
g - ~p = 295 \{ p-0.93 Watt/em® . (A7)

=7 TThe contour sketches of several nozzles used for
the static siren by the CIOP is shown in fig. Te.. ,
' . The results of calculatlon of the main siren parameter= ff
are presented in table 1. . -
The ratio d.: h of the diameter to the depth of the req '
‘lsonating chamber was chosen 1.5 on the basis of the authors'|
- Jown tests as well .as those by SZKOLNIKOWA :and BOUCHER. This
{~ - - fatlo differs from the one recommended by HARIMANN (d_:h=1).
'j: S The bullding of the nozzles was planned without sharpla'_,

- cut edges at the exit, because they erode quickly during ope-ee‘
ration. This is probably caused by cavitation. SZKOLNIKOWA |
. ased flat edges with sleeves of hard thermo-setting material), .
_phich gave good‘resﬁlts. In the design of the siren discussdd.
" . here, a similar structural solution of the problem was plan-“e.
‘ned using, however, other materials.

ot e b i
-

‘;ﬁ'f', o Should it.be necessary to operate with only a minimum
’% ' lof acoustic whiff, the air blown through the nozzles will be
sucked out through six vent holes (4'in £ig.8) to the blowed
- land then carried into suction duet of the compressor. The
arrows in fig. 8 show the path of air circulation. The sirenf'
is now being built in accordance with the design discussed |
. lhere and should be soon ready for laboratory tests. -

— 1
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|

" ' Fig. 8. Sketch of the multl-whlstle statlc siren by CIOP
with DE TLAVAL whistles (type IFPT-PAN): 1 - incomin|
compressed air, 2 - suction of the air to the com-

pressor, 3 = location of the manometer, 4 - vent fo1
) sucklng away the air.
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